PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



f INTELLECTUAL PROPERTY ORGANIZAT[ON 
International Bureau 




(51) International Patent Classification ^ : 

C09D 11/00, imo 



Al 



(11) International Publication Number: WO 99/07796 

(43) International Publication Date: 18 February 1999 (18.02.99) 



(21) International Application Number: PCT/GB97/02106 

(22) International Filing Date: 5 August 1997 (05.08.97) 



(71) Applicant (for all designated States except US): SERICOL 

LIMITED [GB/GB]; Bumash Castrol House. Pipere Way. 
Swindon. Wiltshire SN3 IRE (GB). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SMITH. Brian [GB/GB]; 8 
Mountbatten Way. Braboume Lees, Ashford, Kent TN25 
6PZ (GB). 

(74) Agent: LEWIS, Pauline. T.; Burmah Castrol Trading Limited, 
Group Patents Dept., Burmah Castrol House. Pipers Way 
Swindon, Wiltshire SN3 IRE (GB). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG. BR, 
BY, CA. CH, CN, CU, CZ, DE, DK, EE, ES, H, GB, GE, 
HU, XL, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG. SI, SK, TJ, TM, TR, TT, UA, UG, 
US, UZ, VN, ARIPO patent (GH, KE, LS, MW, SD, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ. MD, 
RU. TJ. TM), European patent (AT. BE. CH. DE, DK. ES, 
FI, FR. GB, GR, IE. IT. LU, MC. NL. PT. SE). OAPI patent 
(BF. BJ, CF. CG. CI. CM, GA, GN, ML, MR. NE, SN. TD. 
TG). 



Published 

With international search report. 
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(57) Abstract 



A water-based, flash-curable ink jet ink that is capable of adhering to plastic substrates such as flexible polyvinyl chloride, the ink 
comprising: a) at least one water-dispersible or water-soluble acrylate polymerisable material; b) at least one polymerisable material that 
is enable of softening the substrate in part or in full and is resistant to hydrolysis; c) at least one colourant such as a pigment, a dye or 
both a pigment and a dye; and d) at least one UV photoinitiator. 
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An Ink Jet Ink 

The present invention concerns an ink jet ink, and in particular a water-based, 
flash-curable ink jet ink that is capable of adhering to difficult substrates such as 
matt or gloss uncoated vinyl surfaces. 

Printed Inkjet inks on substrates are currently cured by medium and high pressure 
mercury vapour UV lamps. One of the disadvantages of using these lamps is that 
they are switched on for long periods of time which causes a high degree of heat to 
be produced and makes it necessary to have sophisticated cooling equipment. The 
cooling equipment produces either a high air flow or water cooling. The cooling 
equipment is bulky and it is expensive to incorporate it into an Inkjet printing 
machine. Failure to cool the UV lamp causes distortion of the substrate. The other 
disadvantages of using a standard UV lamp are: surfaces exposed to the UV lamp 
need to be equidistant from the lamp in order to achieve uniform curing; and the UV 
lamp can cause yellowing of the cured surface. 

WO 94/1 1 123 has overcome the disadvantages of a standard UV-curable lamp by 
proposing the use of a high energy electronic flash source and the use of 
photoinitiators that correspond to the radiation emitted from the flash source. WO 
94/1 1 123 discloses a flash curable protective coating that is printed on to optical 
articles made of plastic (see Example 6). The protective coating comprises 30-40 
parts multifunctional melamine acrylate; 70-60 parts trifunctional reactive thinner; 
0.5-1.5 parts p-phenyl benzophenone; 1.5-3 parts methyl methyl thiophenyl 
morpholinopropane; and 0.1-0.5 parts polyether modified dimethyl polysiloxane 
copolymefs. 

The inventor of the present invention coated flexible polyvinyl chloride with the 
protective coating disclosed in Example 6 of WO 94/1 1 123 and found that the 
coating cracked badly when the polyvinyl chloride was folded through 180**. The 
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protective coating disclosed in WO 94/1 1 123 is therefore not suitable for printing on 
to difficult plastic substrates such as flexible polyvinyl chloride. 

The present invention is concerned with the problem of providing a water-based, 
flash-curable ink jet ink that is capable of adhering to difficult plastic substrates such 
as flexible polyvinyl chloride laminates that are used in display signs. 

In accordance with the present invention there is provided a water-based, 
flash-curable ink that is capable of adhering to difficult plastic substrates such as 
flexible polyvinyl chloride, the ink comprising: 

a) at least one water dispersible or water soluble acrylate polymerisable material; 

b) at least one polymerisable material that is capable of softening the substrate in 
part or in full and is resistant to hydrolysis; 

c) a colourant such as a pigment, a dye or both a pigment and a dye; and 

d) at least one UV photoinitiator. 

The present inventors have found that the ink defined above is capable of adhering 
to difficult plastic substrates such as flexible polyvinyl chloride. 

By the term 'polymerisable material' we intend to include monomers, prepolymers 
and oligomers. 

The water dispersible or water soluble acrylate polymerisable material is preferably 
a water dispersible or water soluble urethane acrylate oligomer. 

The polymerisable material in part b) is preferably a monomer, and the monomer is 
preferably 1 ,6-hexane diol diacrylate (HDDA). HDDA is a difunctional acrylate that 
offers a high cure rate. HDDA also exhibits excellent compatibility with and 
solvency for other oligomers and additives used in the Ink. 

The water dispersible or water soluble acrylate polymerisable material may be 
non-ionic or anionic. The water dispersible or water soluble acrylate polymerisable 
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material preferably has a molecular weight between 400 and 1,500, more preferably 
between 700 and 1,100, as measured by size exclusion chromatography. The 
non-volatile content of the polymerisable material may be between 10 and 100%. 

The photoinitlator may comprise one or more photoinitiators and also a synergist. 
The photoinitlator preferably has a quantum yield in the range 0.1 to 1.0. The 
photoinitlator should not function as a chain transfer agent or terminating agent. 

The preferred photoinitiators are Lucerin TPO acyl phosphine oxide (sold by BASF), 
Irgacure 369 (sold by Ciba-Geigy) and Darocure 1173 (sold by Ciba-Geigy). 
Darocure 1 173 is a useful solvent for the Lucerin TPO and the Irgacure 369. The 
Lucerin TPO and Irgacure 369 are preferably used in amounts ranging from 0.1 to 
1 .0%, based on oligomer solids. The Irgacure is preferably used in an amount 
ranging from 0.1 to 3.0%, based on oligomer solids. 4-benzoyl biphenyl is also a 
useful photoinitlator. 

The pigment may be dispersed in the ink using any one of the known methods that 
produces a fine particle size of less than 1 micron. The pigment may also be added 
to the ink in a dispersed form. 

Examples of suitable pigments are: Yellow 13 and 83; Red 9, 184 and 188; 
Blue15:3; Green 7; and Black 7. The reader is directed to US-A-5, 160,372 for 
further examples of suitable pigments. 

The dye may be selected from known dyes that are used in ink jet systems. The 
reader is directed to US-A-5. 160.372 for examples of suitable dyes. 

The ink can include any of the usual additives that are present such as: surfactants, 
UV stabilisers, waxes and rheology modifiers. 

The present invention will now be described by way of the following Examples: 
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Examples 



Test to Find a Polvmerisable Material that is capable of Softening a Plastic 
Substrate such as Polyvinyl Chloride and is Resistant to Hydrolysis 



In order to test whether any of the selection of mononaers listed below are capable 
of softening a plastic substrate such as polyvinyl chloride, a small drop of each of 
the monomers was placed on to a polyvinyl chloride substrate. After being left for 5 
minutes, the monomers were removed from the polyvinyl chloride using a soft cloth 
and the surface of the polyvinyl chloride was examined for softening and marking. 
The results are as follows: 



Monomer 

Tripropyleneglycol diacrylate 

Ethoxylated trimethylol propane 
triacrylate 

Trimethyl propane triacrylate 
2 phenoxyethyl acrylate 
Di-propylene glycol diacrylate 
N vinyl caprolactam* 
N N di-vinyl imidazole* 
N vinyl pyrolidone 
Hexane diol diacrylate 
N vinyl formamide 
Neopentyl glycol diacrylate 
Octyldecyl acrylate 
Iso bornyl acrylate 
Lauryl acrylate 



Result 

no mark 
no mark 

no mark 
no mark 
no mark 
substrate 
substrate 
substrate 
substrate 
substrate 
no mark 
substrate 
no mark 
no mark 



softened 
softened 
softened 
softened 
softened 

softened 



* 50% solutions in TPGDA since they are solid at ambient temperature. 

The results show that only six out of the fifteen monomers that were tested were 
capable of softening the polyvinyl chloride surface. 
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Test For Monomer's Hvdroivsis Resistance : 

In order for the monomer to be used In a water-based ink. it needs to be resistant to 
hydrolysis. The five monomers that were capable of softening the polyvinyl chloride 
were tested for their resistance to hydrolysis. The monomers were tested for their 
hydrolytic stability under both acidic and basic conditions. Ten percent dispersions 
of the monomers were prepared in deionised water, with the pH being adjusted to 5 
and 9 with dilute HCI and NaOH respectively. The samples were stored for 1 week 
at 40 and then checked for degradation using HPLC. Of the monomers tested, 
hexane diol diacrylate (HDDA) gave the best resistance properties. 

Test for Monomer's Compatibility with other Components in the Ink : 

The monomer's compatibility with other components in the ink was tested by 
formulating the ink and checking for general problems such as separation on 
storage. The test was carried out using HDDA and the HDDA was found to be 
compatible with the ink's other components. 

Test to Find a Water-Dispersible or Water-Soluble Acrvlate 
Polvmerisable Material 

Test for Solubility : 

In the inks of the present invention the water-dispersible or water-soluble acrylate 
polymerisable material is preferably soluble in the polymerisable material that 
softens the substrate, so that it imparts stability to the polymer dispersion. We 
tested whether a selection of acrylate oligomers were soluble in HDDA by preparing 
25% solids solutions of a range of oligomer types in HDDA and the solutions were 
examined for clarity and stability towards separation. The solubility is largely linked 
to molecular weight within a group of similar oligomers: the lower molecular weight 
examples have the best solubility. High molecular weight examples, however, 
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impart good flexibility so a combination of both high and low molecular weight 
examples is used to give optimum performance. 



The test revealed that acrylate and methacrylate copolymers are the preferred 
oligomers. 

Hydrolvtic Stability : 

The acrylate oligomers were not tested for their hydrolytic stability in isolation. No 
particular problems were encountered with hydrolytic stability of the oligomers used 
in the previous tests. Methacrylate copolymers were selected on the basis that their 
other properties were suitable and that they are well known for their hydrolytic 
stability. Experimental ink samples were however checked for changes in pH on 
storage. A decrease in pH indicates hydrolysis problems. 

Test to Find a Suitable Photoinitiator 

In order to maximise on the efficiency of the initiators, it is necessary to match the 
absorption characteristics of the initiator and the pigment with the output from the 
energy source. The wavelength and radiant energy of a light source may be 
measured with a Spectral Radiometer. The absorption of a photoinitiator may be 
determined using a scanning UV/visible spectrometer. 

Test Results 

The following photoinitiators were found to be suitable: 



UV Absorption Range 



Lucerin TPO acyl phosphine oxide 
trgacure 369 



280 to 440nm (peaking at 340nm) 
225 to 275nm (peaking at 245nm) 



355 to410nm 



Daracure 1173 
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225 to 325nm (peaking at 290nm) 



Preparation of Inks 

The following inks were prepared: 

Example 1 

Parts w/w 

Part A Actiiane SP061 1 0 

HDDA 89 

Igepai CA897 (emulsifying agent) 1 

Water 100 

Part B Actiiane 640 (water dispersible urethane acrylate) 200 

Lucerin TPO 2 

Pigment dispersion 10 

Fluorad FC129 (surfactant) 0.6 

Methyl diethanoiamine (pH adjuster) 1 



Example 2 



Part A Actiiane SP061 1 0 

HDDA 89 

• Igepal CA897 (emulsifying agent) 1 

Water 100 

Part B Haiwedol 14/40w 200 

Lucerin TPO 2 

Pigment dispersion 1 0 
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0.6 
1 

Example 3 



Part A Actilane SP061 10 

HDDA (monomer) 89 

Igepal CA897 (emuisifying agent) 1 

Water 100 

Part B Actilane 640 200 

LucerinTPO 1.4 

Darocure IM3 8 

Pigment dispersion 8 

Fluorad FC129 (surfactant) 0.6 



In the above Examples, best results were obtained using from 40 to 60% by weight 
of Part A and from 60 to 40% by weight of Part B. 

Comparative Example 1 



Part A Actilane SP061 10 

TPGDA 89 

Igepal CA897 1 

Water 100 

PartB Actilane 640 200 

Lucerin TPO 0.8 

Benzophenone 0.5 

Darocure 1173 0.5 

Irgocur 1 

Pigment dispersion 8 



wo 99/07796 g 

Fluorad FC129 (surfactant) 
Methyl diethanolamine 
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0.6 



Comparative Example 2 



Part A Actilane SP061 1 0 

HDDA 89 

Igepal CA897 1 

Water 100 

PartB Actilane 640 100 

Isopropyl thioxanthone 3 
(available as QUANTACURE ITX from International Biosynthetlcs) 

Ethyl 4 di-methylanions benzoate 2 
(available as QUANTACURE EPD from International Biosynthetics) 

Pigment dispersion 8 

Fluorad FC129 0.6 



Method of Preparation of Inks 
The inks were prepared by the following steps: 

a) the Actilane SP061 was dissolved in the HDDA; 

b) the emulsifying agent was dissolved in the water; 

c) the dissolved Actilane SP061 was added to the dissolved emulsifying agent using 
a Silverson disperser running at high speed and fitted with an emulsifying head. 
The emulsion was stirred for approximately 30 minutes; 

d) the water dispersible urethane acrylate was added to the emulsion using the 
Silverson at slow speed; 

e) the photoinitiator was added to the emulsion and the emulsion was stirred; 

f) the speed of the Silverson disperser was increased and the pigment dispersion 
was added; 
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g) the surfactant and pH adjuster were added to the emulsion while the emulsion 
was being slowly stirred. 

It is important to note that the particles in the ink should be less than 5 microns in 
diameter, and more preferably less than 1 micron. This is because Inkjet heads 
have nozzles that are 50 microns in diameter and large particles in the ink cause 
blockages. 

Test Method 

The inks were tested for their adhesion to difficult plastic substrates using the 
following test method: 

The inks were applied to a plastic laminate, such as those sold under the trade 
names of MACTAC MACSCREEN or INTERCOAT P. to a coat weight of 67 gsm 
(equivalent to 600 x 600 dpi). After applying the inks to the substrate, the inks were 
cured using 10 flashes at 600 joules/ flash. 

To test for adhesion of the films to the substrate: 

1) the films were scratched with a finger nail and then they were checked for 
damage; 

2) the substrate was folded through 180*^ and the films were checked for damage at 
the fold line; and 

3) Cellotape was placed on to the films and pressed down. It was then ripped from 
the film and the film was checked for damage. 

Test Results 

The inks prepared in Examples 1 , 2 and 3 exhibited good adhesion to an uncoated 
gloss polyvinyl chloride surface. The ink prepared in Comparative Example 1 
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exhibited poor adhesion to an uncoated gloss polyvinyl chloride surface. The Ink 
prepared in Comparative Example 2 did not cure under the conditions of the test. 
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Claims 

1 . A water-based, flash-curable ink jet Ink that is capable of adhering to plastic 
substrates such as flexible polyvinyl chloride, the Ink comprising: 

a) at least one water-dispersible or water-soluble acrylate polymerisable 
material; 

b) at least one polymerisable material that is capable of softening the 
substrate in part or in full and is resistant to hydrolysis; 

c) at least one colourant such as a pigment, a dye or both a pigment and a 
dye; and 

d) at least one UV photoinitiator. 

2. The water-based, flash-curable ink jet ink as claimed in claim 1 , wherein the 
water dispersible or water soluble acrylate polymerisable material is a water 
dispersible or water soluble urethane acrylate oligomer. 

3. The water-based, flash-curable ink jet ink as claimed in claims 1 or 2, wherein 
the polymerisable material in part b) is a monomer, and the monomer is preferably 
hexane diol diacryiate. 

4. The water-based, flash-curable Ink jet ink as claimed in claim 2, wherein the 
oligomer is an acrylate or methacrylate copolymer. 

5. The water-based, flash-curable ink jet ink as claimed in any one of the 
preceding claims, wherein at least 25 parts by weight of water dispersible or water 
soluble acrylate polymerisable material are dissolved in the polymerisable material 
in part b). 

6. The water-based, flash-curable ink jet ink as claimed in any one of the 
preceding claims, wherein the ink comprises at least 18%, preferably at least 25%, 
of water, based on the total weight of the ink. 
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7. The water-based, flash-curable ink jet ink as claimed in any one of the 
preceding claims, wherein the water-dispersible or water-soluble aery late 
potymertsable material is present in the ink in an amount from 5-15% by total weight. 

8. A method of preparation of a water-based, flash-curable ink jet ink that is 
capable of adhering to plastic substrates such as flexible polyvinyl chloride, the 
method comprising the following steps: 

a) selecting at least one water-dispersible or water-soluble acrylate 
polymerisable material; 

b) selecting at least one polymerisable material that is capable of softening 
the substrate in part or in full and Is resistant to hydrolysis; 

c) dissolving the water-dispersible or water-soluble acrylate polymerisable 
material in the polymerisable material in part b); 

d) selecting at least one UV photoinitiator and adding it to the above mixture; 

e) selecting at least one colourant, such as a pigment, a dye or both a 
pigment and a dye. and adding it to the above mixture. 

9. Use of the water-based, flash-curable ink jet ink defined in any one of claims 
1-7 as an ink in an Ink jet printer for printing on to plastic substrates such as flexible 
polyvinyl chloride. 

10. A method of ink jet printing, wherein the method comprises the step of using 
the water-based, flash-curable ink jet ink defined in any one of claims 1-7 in an ink 
jet printer to print on to plastic substrates such as flexible polyvinyl chloride. 
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